(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP0 991 197 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

05.04.2000 Bulletin 2000/14 

(21) Application number: 99909347.9 

(22) Date of filing: 29.03.1999 



(51) IntCI 7 : H04B1/10, H04B 7/08, 
H01Q3/26 

(86) International application number: 
PCT/JP99/01589 

(87) International publication number: 

WO 99/50965 (07.10.1999 Gazette 1999/40) 



(84) Designated Contracting States: 


. MATSUMOTO, Atsushi 


DE FR GB 


Kawasaki-shi, Kanagawa 211-0024 (JP) 


(30) Priority: 30.03.1998 JP 10219798 


(74) Representative: 




Grunecker, Kinkeldey, 


(71) Applicant: 


Stockmair & SchwanhSusser 


MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 


Anwaltssozietat 


Kadoma-shi, Osaka 571-8501 (JP) 


Maximllianstrasse 58 




80538 Munchen (DE) 


(72) Inventors: 


• HIRAMATSU, Katsuhiko 




Yokosuka-shi, Kanagawa 239-0831 (JP) 





Q> 
O 

Q. 

LU 



(54) RADIO RECEIVER AND METHOD OF RECEPTION 



(57) Signals received from antennas are input to 
weighting factor calculation sections 105 and 106. 
Weighting factor calculation section 105 calculates 
weighting factors so as to eliminate an interference sig- 
nal using the antenna reception signals and known sig- 
nals of a desired signal. Weighting factor calculation 
section 106 sequentially updates weighting factors so 
as to minimize the difference between a combined sig- 
nal and its reference signal using the weighting factors 
calculated by weighting factor calculation section 1 05 as 



the initial values. On the other hand, reception quality 
measurement section 108 measures the reception qual- 
ity of the combined signal and outputs the measurement 
result to weighting factor switching section 107. After 
receiving the measurement result, weighting factor 
switching section 107 switches weighting factors to be 
used for combination at the time the reception quality 
changes. 




FIG. 4 
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Description 
Technical Field 

[0001] The present invention relates to an apparatus 5 
and method for radio reception equipped with an adap- 
tive array antenna capable of controlling directivity. 

Background Art 

10 

[0002] An adaptive array antenna is known as an 
antenna system that can control directivity. "Waveform 
Equalization Technology for Digital Mobile Communica- 
tions" (compiled under the supervision of Jun Horikoshi, 
Triceps Co., Ltd. ) describes that in an array antenna is 
consisting of a plurality of antennas, applying an ampli- 
tude/phase shift to the output of each antenna and then 
combining them will change the directivity of the array. 
The adaptive array antenna uses the principle above, 
and adaptively controls directivity in accordance with 20 
changes in surrounding conditions by determining a 
weighting factor of each antenna output based on a cer- 
tain control algorithm and multiplying each antenna out- 
put by this weighting factor. 

[0003] FIG.1 is a block diagram showing a configura- 25 
tion of a conventional adaptive array antenna apparatus 
(hereinafter referred to as "reception adaptive array"). 
As shown in the figure, antenna outputs 2 of a plurality 
of antennas 1 are multiplied by weighting factors 3 
respectively and the antenna outputs weighted with 30 
these weighting factors 3 for respective antennas are 
combined into array output 4. 

[0004] Weighting factors for their respective antenna 
outputs are controlled by weighting factor control sec- 
tion 5. Weighting factor control section 5 uses three 35 
kinds of information to control weighting factors; array 
combined output 4, respective antenna outputs 2 and 
advance knowledge 6 regarding a desired signal. There 
is also a system that does not use array output 4 to con- 
trol weighting factors. 40 
[0005] Conventionally, a weighting factor control algo- 
rithm assuming synchronous interference is applied to 
weighting factor control section 5. In a weighting factor 
control algorithm assuming synchronous interference, 
weighting factors are controlled so as to eliminate such 45 
an interference signal that is present continuously dur- 
ing the interval from the beginning to the end of a 
desired signal (hereinafter referred to as "synchronous 
interference") as shown in FIG.2. 

[0006] However, if a signal provided by a communica- so 
tion user who is different from the communication user 
who is transmitting the desired signal is the interference 
signal, synchronization between the desired signal and 
interference signal is not guaranteed, and there is a 
possibility that the interference signal will mix into the ss 
desired signal at some midpoint as shown in FIG.3. 
[0007] Thus, the conventional system has the problem 
that if the interference signal mixes into the desired sig- 



nal at some midpoint the weighting factors calculated 
using a known signal of the desired signal before the 
interference signal starts to interfere cannot fully elimi- 
nate the interference signal. 

Disclosure of Invention 

[0008] It is an objective of the present invention to pro- 
vide an apparatus and method for adaptive array 
antenna radio reception that can appropriately control 
weighting factors for array combination and effectively 
eliminate or suppress an interference signal even if the 
interference signal mixes into a desired signal at some 
midpoint. 

[0009] This objective is achieved by a radio reception 
apparatus comprising a combination section that 
weights and then combines reception signals corre- 
sponding to a plurality of antenna elements respectively 
and a factor adaptation section that adaptively controls 
weighting of the reception signals above according to 
the time at which the interference signal mixes into the 
desired signal. 

Brief Description of Drawings 

[0010] 

FIG 1 is a block diagram showing a configuration of 
a conventional adaptive array antenna reception 
apparatus; 

FIG.2 is a diagram showing a case where an inter- 
ference signal continuously interferes with a 
desired signal; 

FIG.3 is a diagram showing a case where an inter- 
ference signal mixes into a desired signal at some 
midpoint; 

FIG.4 is a block diagram showing a configuration of 
an adaptive array antenna reception apparatus 
according to Embodiment 1 of the present inven- 
tion; 

FIG.5 is a block diagram showing a configuration of 
an adaptive array antenna reception apparatus 
according to Embodiment 2 of the present inven- 
tion; 

FIG.6 is a diagram showing a slot configuration of a 
radio communication system according to Embodi- 
ment 3 of the present invention; 
FIG. 7 is a diagram showing a combination direction 
according to the position of a known signal in the 
first part according to Embodiment 3; and 
FIG.8 is a diagram showing a combination direction 
according to the position of another known signal in 
the latter part according to Embodiment 3. 

Best Mode for Carrying out the Invention 

[001 1 ] With reference now to the attached drawings, 
the embodiments of the present invention are explained 
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in detail below. 
(Embodiment 1) 

[001 2] FIG.4 is a block diagram showing a configura- 
tion of an adaptive array antenna reception apparatus 
according to Embodiment 1 of the present invention. 
This adaptive array antenna reception apparatus inputs 
reception. signals output from a plurality of antenna ele- 
ments 101-1 to 101 -n to their respective multipliers 102- 
1 to 102-n where those reception signals are multiplied 
by weighting factors (weights). Then, adder 103 com- 
bines the signals output from multipliers 102-1 to 102-n 
into combined signal 104 which becomes array output. 
[001 3] The weights multiplied on the reception signals 
are calculated by either first weighting factor calculation 
section 105 or second weighting factor calculation sec- 
tion 106. Weighting factor switching section 107 selects 
weighting factors calculated by either first weighting fac- 
tor calculation section 105 or second weighting factor 
calculation section 106 and gives these weighting fac- 
tors to multipliers 102-1 to 102-n. Weighting factor 
switching section 107 controls switching based on the 
reception quality measurement result of combined sig- 
nal 104 which is the array output input from reception 
quality measurement section 108. 
[0014] Then, the operation of the adaptive array 
antenna reception apparatus configured as shown 
above is explained in detail below. 
[001 5] The reception signals received from antenna 
elements 1 01 -1 to 1 01 -n are input to first weighting fac- 
tor calculation section 105 and second weighting factor 
calculation section 106. First weighting factor calcula- 
tion section 105 calculates weighting factors 109 such 
that eliminate an interference signal using the antenna 
reception signals and known signals of a desired signal. 
Second weighting factor calculation section 106 calcu- 
lates weighting factors 110 and updates them sequen- 
tially so as to minimize the difference between 
combined signal 104 and its reference signal using 
weighting factors 1 09 calculated by first weighting factor 
calculation section 105 as the initial values. 
[0016] In the case of the synchronous interference 
shown in FIG.2, a desired signal, which is the reception 
signal stripped of an interference signal, is obtained by 
multiplying the antenna reception signals by corre- 
sponding weighting factors 109 calculated by first 
weighting factor calculation section 105 and then com- 
bining them. 

[001 7] This is because the known signal part of the 
reception signals when first weighting factor calculation 
section 105 calculates weighting factors 109 contains 
both a desired signal and an interference signal and the 
weighting factors obtained from there can extract only 
the desired signal by eliminating the interference signal 
from the reception signals. 

[001 8] On the other hand, in the case of the asynchro- 
nous interference shown in FIG.3, the known signal part 



of the reception signals does not contain an interference 
signal, and the weighting factors obtained from there 
cannot eliminate the interference signal that interferes 
later, and therefore the reception quality deteriorates at 

s the time the interference signal starts to interfere. 

[001 9] In order to cope with such asynchronous inter- 
ference, the present embodiment sequentially updates 
weighting factors 1 10 at second weighting factor calcu- 
lation section 106 and switches the weighting factors to 

w be multiplied on the antenna reception signals from 
weighting factors 109 to weighting factors 110 at the 
time the interference signal starts to interfere. By adap- 
tively switching weighting factors in this way, the present 
embodiment can eliminate or suppress an interference 

75 signal contained in the antenna reception signals and 
extract a desired signal even in the case of asynchro- 
nous interference. 

[0020] Then, reception quality measurement section 
108 measures the reception quality of combined signal 

20 104 and inputs the measured value to weighting factor 
switching section 107. Weighting factor switching sec- 
tion 107 determines the time at which the quality of 
combined signal 104 changed from the reception quality 
measured value and switches the weighting factors to 

25 weighting factors 110 output from second weighting fac- 
tor calculation section 106 at that time. 
[0021] As shown above, Embodiment 1 of the present 
invention can effectively eliminate interference signals 
in both the case of synchronous interference shown in 

30 FIG.2 and the case of asynchronous interference 
shown in FIG.3, that is, not only the case where an inter- 
ference signal exists from the beginning but also the 
case where an interference signal mixes into a desired 
signal at some midpoint. This makes possible adaptive 

35 array reception using weighting factors that optimize the 
reception quality even if an interference signal exists, 
making it possible to effectively suppress an interfer- 
ence signal and extract a desired signal. 
[0022] In the algorithm that sequentially updates 

40 weighting factors used in second weighting factor calcu- 
lation section 106, the amount of calculation tends to 
become enormous, but using the configuration that 
allows the switching of the weighting factor papulation 
sections as shown in the present embodiment makes it 

45 possible to use the algorithm only when it is necessary 
and thus reduce the time and memory, etc. required to 
calculate weighting factors. 

[0023] In Embodiment 1 above, second weighting fac- 
tor calculation section 106 sequentially updates weight- 
so ing factors 1 1 0 so as to minimize the difference between 
the combined signal and its reference signal, but the 
above means is not essential in the present invention 
and it is obvious that weighting factors can be calculated 
by other means that do not use known signals. 
55 [0024] Furthermore, the present embodiment 
described the case with two weighting factor calculation 
sections, but the number of weighting factor calculation 
sections is not limited to 2; more weighting factor calcu- 
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lation sections can also be added. 
[0025] Moreover, the present embodiment described 
the case where second weighting factor calculation sec- 
tion 106 uses the weighting factors calculated by first 
weighting factor calculation section 105 as the initial val- 5 
ues, but this need not always be followed; arbitrary con- 
stants can also be used and antenna reception signals 
can also be combined using weighting factors from sec- 
ond weighting factor calculation section 106. 

10 

(Embodiment 2) 

[0026] FIG.5 shows a configuration example of an 
adaptive array antenna radio reception apparatus 
according to Embodiment 2 of the present invention. 15 
The parts that have the same functions as those of the 
adaptive array antenna radio reception apparatus 
shown in FIG.4 are assigned the same numbers. 
[0027] The present embodiment detects the interfer- 
ence mixed position of an interference signal from 20 
antenna reception signals prior to combination to 
acquire timing for switching weighting factors. 
[0028] The adaptive array antenna radio reception 
apparatus according to the present embodiment inputs 
a plurality of antenna reception signals not only to first 25 
and second weighting factor calculation sections 105 
and 106 but also to interference mixed position detec- 
tion section 200. Interference mixed position detection 
section 200 performs correlation detection using known 
signals of an interference signal for the start to end of 30 
antenna reception signals (the start to end of a trans- 
mission unit such as 1 slot or cell, etc.). Interference 
mixed position detection section 200 predicts the posi- 
tion at which the highest correlation value is detected as 
the interference mixed position and outputs the pre- 35 
dieted interference signal mixed position to weighting 
factor switching section 1 07'. 

[0029] Then, the operation of the .adaptive array 
antenna radio reception apparatus conf igured as shown 
above is explained in detail below. 40 
[0030] Signals received from the antennas are input to 
first weighting factor calculation section 105, second 
weighting factor calculation section 106 and interfer- 
ence mixed position detection section 200. First weight- 
ing factor calculation section 105 calculates weighting as 
factors 109 such that eliminate interference signals 
using the antenna reception signals and known signals 
of a desired signal. Second weighting factor calculation 
section 106 sequentially updates weighting factors 1 10 
so as to minimize the difference between combined sig- so 
nal 104 and its reference signal using the weighting fac- 
tors 109 calculated by first weighting factor calculation 
section 105 as the initial values. 
[0031] In the case of the synchronous interference 
shown in FIG.2. a desired signal, which is the reception 55 
signal stripped of an interference signal, is obtained by 
multiplying the antenna reception signals by corre- 
sponding weighting factors 109 calculated by first 



weighting factor calculation section 105 and then com- 
bining them. This is because the known signal part of 
the reception signals when first weighting factor calcula- 
tion section 105 calculates weighting factors contains 
both a desired signal and an interference signal and the 
weighting factors obtained from there can extract only 
the desired signal by eliminating the interference signal 
from the reception signals. 

[0032] However, in the case of the asynchronous 
interference shown in FIG.3, the known signal part of 
the reception signals does "not contain an interference 
signal, and the weighting factors obtained from there 
cannot eliminate the interference signal that interferes 
later, and therefore the reception quality deteriorates at 
the time the interference signal starts to interfere. In this 
case, the present embodiment does not use the known 
signals to calculate weighting factors, but sequentially 
updates weighting factors 1 10 at second weighting fac- 
tor calculation section 106, thus making it possible to 
suppress the interference signal contained in the 
antenna reception signals and extract the desired sig- 
nal. 

[0033] Then, the antenna reception signals are input 
to interference mixed position detection section 200 
where the start to end of the antenna reception signals 
is subjected to correlation detection using known sig- 
nals of the interference signal. Interference mixed posi- 
tion detection section 200 predicts the position at which 
the highest correlation value is detected as the interfer- 
ence mixed position and outputs the predicted interfer- 
ence mixed position to weighting factor switching 
section 107*. If the detection position is behind an 
appropriate position, weighting factor switching section 
107" switches weighting factors to be used for combina- 
tion at that position to weighting factors 1 10. 
[0034] As shown above, Embodiment 2 of the present 
invention can effectively eliminate or suppress interfer- 
ence signals in both the case of synchronous interfer- 
ence shown in FIG.2 and the case of asynchronous 
interference shown in FIG.3 by predicting the position at 
which an interference signal starts to interfere and 
switching the weighting factors from that position. 
Therefore, regardless of the time at which an interfer- 
ence signal mixes into a desired signal, if the interfer- 
ence signal exists in any known signal part of the 
antenna reception signal, it is possible to obtain a 
desired signal with the interference signal suppressed 
from the combined signal using the weighting factors 
calculated there. 

[0035] The present embodiment uses correlation 
detection as a means for predicting the position at which 
an interference signal mixes into a desired signal, but 
this need not always be followed; it is also possible to 
predict the mixed position of an interference signal from 
the reception field intensity, for example. 
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(Embodiment 3) 

[0036] In the radio communication system in the 
present embodiment, the transmitting side transmits by 
radio a transmission signal with known signals placed in 
a plurality of locations in a slot and the receiving side 
receives the transmission signal above, calculates 
weighting factors using the known signal parts where an 
interference signal exists, weights signals received from 
a plurality of antennas with these weighting factors cal- 
culated and combines them. 

[0037] As shown in FIG.6, the transmission data has 
a slot configuration (frame formal) where known signals 
301 and 302 are placed in the first part and latter part, 
which allows the combination direction to be switched 
depending on which known signal part contains both a 
desired signal and interference signal, the first part or 
the latter part. 

[0038] In the case of the synchronous interference 
shown in FIG.2, if the interference signal ceases to exist 
at some midpoint as shown in FIG. 7, weighting factors 
are calculated using known signal part 301 in the first 
part of antenna reception signal. Since the known signal 
part in this first part contains both a desired signal and 
interference signal, weighting factors calculated using 
this part can suppress the interference signal. It is pos- 
sible to extract the desired signal with the interference 
signal suppressed from the combined signal obtained 
from the antenna reception signals using those weight- 
ing factors. 

[0039] Moreover, in a case where no interference sig- 
nal exists in known signal 500 in the first part and there 
is an interference signal in known signal 501 in the latter 
part, weighting factors are calculated using known sig- 
nal part 501 in the latter part. In this case, at least one 
slot of antenna reception signals is buffered, then 
weighting factors are calculated using known signal part 
501 in the latter part and then the buffered antenna 
reception signals are combined using those weighting 
factors. 

[0040] In this way, selection can be made from two 
demodulation methods; one in which weighting factors 
are calculated using the known signal in the first part of 
a slot (frame format) and these weighting factors are 
combined from the first part to the latter part, or from the 
latter part to the first part, and the other in which weight- 
ing factors are calculated using the known signal in the 
second part and these weighting factors are combined 
from the latter part to the first part, or from the first part 
to the latter part. In either case, it is possible to extract a 
desired signal from the combined signal with the inter- 
ference signal suppressed. 

[0041 ] Embodiment 3 uses a slot configuration (frame 
format) containing known signals in first part 301 and 
latter part 302, but it is possible to extract a desired sig- 
nal if the known signal parts are placed so that an inter- 
ference signal is captured whenever it starts to interfere. 
[0042] It is also possible to adopt a configuration that 



calculates weighting factors using a known signal in the 
first part of the slot and another known signal in the lat- 
ter part of the same slot, compares the reception quali- 
ties of both combined signals weighted with the 
5 weighting factors above and uses the combined signal 
weighted with the weighting factor with the better recep- 
tion quality. 

[0043] This configuration makes it possible to elimi- 
nate an interference signal by calculating weighting fac- 
ie tors using the known signal in the first part in the case of 
synchronous interference, and using the known signal 
in the latter part in the case of asynchronous interfer- 
ence. 

[0044] Furthermore, it is also possible to install the 
15 adaptive array antenna radio reception apparatus above 
in a mobile unit and/or base station apparatus and con- 
struct a radio system that carries out a radio communi- 
cation between the mobile unit and base station. 
[0045] As described in detail above, the present inven- 
20 tion can effectively suppress an interference signal from 
a combined reception signal by adaptively selecting and 
switching weighting factors according to the time at 
which the interference signal mixes into a desired sig- 
nal. 

25 [0046] This application is based on the Japanese Pat- 
ent Application No.HEl 10-102197 filed on March 30, 
1998. entire content of which is expressly incorporated 
by reference herein. 

30 Industrial Applicability 

[0047] The radio reception apparatus of the present 
invention is applicable to a base station apparatus in a 
digital radio communication system. 

35 

Claims 

1 . A radio reception apparatus comprising: 

40 combination means for weighting and then 

combining signals received from a plurality of 
antennas; and 

factor adaptation means for adaptively control- 
ling weighting on said reception signals accord- 
45 ing to the time at which an interference signal 

mixes into a desired signal. 

2. The radio reception apparatus according to claim 1 , 
wherein the factor adaptation means comprises: 

50 

reception quality measurement means for 
measuring the reception quality from a com- 
bined signal output from the combination 
means; and 

55 switching means for switching, if the reception 

quality deteriorates, to weighting factors 
obtained from the reception signals after the 
deterioration. 
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3. The radio reception apparatus according to daim 1 , 
wherein the factor adaptation means comprises: 

position detection means for detecting the posi- 
tion at which the interference signal mixes into s 
the desired signal; and 

switching means for switching to weighting fac- 
tors obtained from the reception signals at and 
after the position at which the interference sig- 
nal starts to interfere. io 

4. The radio reception apparatus according to daim 3, 
wherein the position detection means comprises a 
correlator that finds correlation between the recep- 
tion signals and interference signal. 

5. The radio reception apparatus according to daim 1 , 
said radio reception apparatus calculating weight- 
ing factors from the reception signals and known 
signals of the desired signal. 

6. The radio reception apparatus according to daim 1 , 
said radio reception apparatus updating weighting 
factors based on the difference between the com- 
bined signal and known signal, and reception sig- 
nals. 

7. A radio reception apparatus comprising: 

combination means for weighting and then 30 14. 
combining signals received from a plurality of 
antennas; and 

weighting factor calculation means for calculat- 
ing weighting factors using one of known sig- 
nals placed in a plurality of locations in a slot 35 
that includes at least an interference signal. 

8. The radio reception apparatus according to daim 7, 
wherein known signals are included in two loca- 
tions; in the first and latter parts of the slot. 40 

9. The radio reception apparatus according to daim 8, 
wherein weighting factors are calculated from a plu- 
rality of known signals placed in the slot. 



10. 
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means. 

11. A radio reception method comprising the steps of: 

weighting and then combining signals received 
from a plurality of antennas; and 
adaptively controlling weighting on said recep- 
tion signals according to the time at which an 
interference signal mixes into a desired signal. 

12. The radio reception method according to claim 11, 
further comprising the steps of: 

measuring the reception quality from a 
weighted and combined signal; and 
switching, H the reception quality deteriorates, 
to weighting factors obtained from the recep- 
tion signals after the deterioration. 

13. The radio reception method according to claim 11, 
further comprising the steps of: 

detecting the position at which the interference 
signal mixes into the desired signal; and 
weighting the reception signals with weighting 
factors obtained from the reception signals at 
and after the position at which the interference 
signal starts to interfere. 



The radio reception method according to claim 13. 
further comprising the step of detecting the position 
at which the interference signal starts to interfere by 
finding correlation between the reception signals 
and known signals of the interference signal. 



The radio reception apparatus according to daim 9, 
said radio reception apparatus further comprising: 

first weighting factor calculation means for cal- 
culating weighting factors from the known sig- 
nal in the first part of the slot; 
second weighting factor calculation means for 
calculating weighting factors from the known 
signal in the latter part of the slot; and 
comparing means for comparing the reception 
quality of both combined signals weighted with 
the weighting factors calculated by said first 
and second weighting factor calculation 
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15. A radio reception method comprising the steps of: 

receiving a transmission signal with known sig- 
nals placed in a plurality of locations in a slot; 
calculating weighting factors using a known 
signal part where an interference signal exists; 
and 

weighting the signals received from a plurality 
of antennas with these weighting factors calcu- 
lated and then combining the weighted recep- 
tion signals. 

16. The radio reception method according to claim 15, 
further comprising the steps of: 

calculating weighting factors from a certain 
known signal in the first part of the slot; 
calculating weighting factors from another 
known signal in the latter part of. the same slot; 
and 

comparing the reception qualities of both com- 
bined signals weighted with said weighting fac- 
tors. 
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1 7. A radio transmission apparatus transmitting a trans- 
mission signal with transmission data divided into 
slots and known signals placed in a plurality of loca- 
tions in each slot to the radio reception apparatus 
according to claim 7. s 

18. A radio communication method comprising the 
steps of: 

the transmitting side transmitting by radio a 10 
transmission signal with known signals placed 
in plurality of locations in a slot; and 
the receiving side receiving said transmission 
signal, calculating weighting factors using a 
known signal part where an interference signal is 
exists and weighting signals received from a 
plurality of antennas with the weighting factors 
calculated and combining these weighted 
reception signals. 

20 

19. A base station apparatus comprising a radio recep- 
tion apparatus, said radio reception apparatus com- 
prising: 

combination means for weighting and then 25 
combining signals received from a plurality of 
antennas; and 

factor adaptation means for adaptively control- 
ling weighting on said reception signals accord- 
ing to the time at which an interference signal 30 
mixes into a desired signal. 

20. A communication terminal apparatus carrying out a 
radio communication with a base station apparatus, 
said base station apparatus comprising: 35 

combination means for weighting and then 
combining signals received from a plurality of 
antennas; and 

factor adaptation means for adaptively control- 40 
ling weighting on said reception signals accord- 
ing to the time at which an interference signal 
mixes into a desired signal. 
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